INTRODUCTION
============

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third common cause of cancer mortality worldwide.^[@R1]^ The distribution of HCC is imbalanced throughout the world, with the highest incidence rates in East and Southeast Asia and Sub-Saharan Africa, and China alone accounted for \>50% of all HCC malignancies.^[@R1]--[@R2]^ Etiologically, carcinogenesis of HCC is a complex, multistep, and multifactor process, in which many factors are implicated.^[@R3]^ As we know, chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), and obesity-related nonalcoholic steatohepatitis (NASH) are the most well-established environmental risk factors for HCC worldwide.^[@R4],[@R5]^ However, only a fraction of lifelong HBsAg carriers and NASH subjects eventually develop HCC, and only 2.5% of HCV-infected individuals develop HCC later in life.^[@R6]^ The exact mechanism of hepatocarcinogenesis is still incompletely understood, and the risk factors for HCC still need to be further elucidated.

Human cancer can be initiated by DNA damage caused by endogenous and exogenous mutagens such as ionizing radiation, UV, viruses, and environmental chemical agents.^[@R3]^ Importantly, to counteract the deleterious consequences of DNA-damaging agents, humans have developed a set of complex DNA repair systems that as a whole take care of most of the insults inflicted on a cell\'s vital genetic information. The DNA repair systems play critical roles in maintaining the functions of normal cells and genomic integrity through the reversal of the damaged DNA.^[@R7]^ Among the DNA repair systems, the nucleotide excision repair (NER) pathway constitutes the primary mechanism for removal of bulky adducts from DNA, and thus is an important part of the cellular defense against a large variety of structural unrelated DNA lesions generated by ionizing radiation and strong alkylating agents as well as lesions formed by endogenous DNA-damaging agents like viruses.^[@R8]^

Xeroderma pigmentosum group D (XPD), also named excision repair cross-complimentary group 2, is 1/8 core genes (ie, ERCC1, XPA, XPB, XPC, XPD, XPE, XPF, and XPG) in the NER pathway of the DNA repair system. XPD maps to chromosome 19q13.3 and is composed of 23 exons.^[@R9]^ It codes for a DNA helicase subunit of the core transcription factor IIH, which is essential for NER and transcription and plays a critical role in transcription-coupled NER pathway.^[@R10]^ Single nucleotide polymorphisms (SNPs) in the exons of XPD may influence the protein activity, resulting in defects in the NER pathway and reduced DNA repair capacity. The Lys751Gln and Asp312Asn were the 2 most commonly studied SNPs in the coding region of the XPD gene.^[@R11]^ The XPD Lys751Gln polymorphism (rs13181) is characterized by an A to C substitution resulting in a lysine (Lys) to glutamine (Gln) amino acid exchange at position 751 in exon 23, whereas the Asp312Asn polymorphism (rs1799793) is characterized by a G to A transition causing an aspartic acid (Asp) to asparagine amino acid (Asn) exchange at position 312 in exon 10. Previous studies have demonstrated that the 2 polymorphisms were associated with lower DNA repair capacity and higher level of DNA adducts.^[@R12]--[@R14]^ Hence, it is biologically reasonable to hypothesize a potential relationship between the XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk.

Over the last 2 decades, a number of epidemiological studies have been conducted to investigate the associations between XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk, but the results remain inconsistent and underpowered. With respect to XPD Lys751Gln polymorphism, a meta-analysis by Zhang and Mou^[@R15]^ did not find any evidence of significant association between XPD Lys751Gln polymorphism and HCC risk in the overall populations and subgroup analysis. However, the evidence was limited because they failed to include all eligible studies in the meta-analysis.^[@R16]--[@R20]^ In addition, the source of heterogeneity was not extensively explored in this study. With respect to XPD Asp312Asn polymorphism, to the best of our knowledge, no meta-analyses on this issue have ever appeared. The exact relationship between genetic polymorphisms of XPD Lys751Gln and Asp312Asn and HCC susceptibility has not been entirely established. To provide the most comprehensive assessment of the associations between the XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk, we performed an updated meta-analysis of all available studies.

MATERIAL AND METHODS
====================

Literature Search
-----------------

We conducted a comprehensive literature search in PubMed, EMBASE, Cochrane library, and CBM, Chinese Biomedical Literature Database, up to October 01, 2014 using the following search strategy: ("hepatocellular carcinoma," "HCC," or "liver cancer") and ("Xeroderma pigmentosum complementation group D," "XPD," "excision repair cross-complimentary group 2" or "ERCC2"). There was no restriction on sample size, language, population, or type of report. All eligible studies were retrieved and their references were checked for other relevant studies. In addition, we also used the "Related Articles" function in PubMed to search for other potential relevant articles. When several studies reported on the same or overlapping data, we chose the most recent or largest population. The meta-analysis was performed according to the proposal of Meta-Analysis of Observational Studies in Epidemiology group.^[@R21]^

Selection Criteria
------------------

We reviewed titles and abstracts of all citations and retrieved studies. The following inclusion criteria were used for literature selection: case--control studies that evaluated the association between XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk; used an unrelated case--control design; presented an odds ratio (OR) together with 95% confidence interval (CI) or other information for estimating OR (95% CI); and the control group did not contain malignant tumor patients. Conference abstracts, review articles, meta-analyses, case reports, editorials, and letters were excluded.

Data Extraction
---------------

Data were extracted from each study by 2 authors independently (X.L. and Q.P.) according to the selection criteria listed above. Decisions were compared and disagreements were resolved by consensus or by involving a third author (X.Q.). The following information was extracted from each study: first author, publication year, country of origin, ethnicity, genotyping method, source of control, matching variables, HCC diagnosis, total number of cases and controls, and genotype frequencies of cases and controls. When the genotype frequency or other important information was not reported, we contacted the author to get the relevant information by e-mail or telephone.

Statistical Analysis
--------------------

The strength of the association between XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk was assessed by ORs together with 95% CIs. The significance of the pooled ORs was determined by *Z* test, and the *P* values \<0.05 were considered significant. We evaluated the XPD Lys751Gln and Asp312Asn polymorphisms and HCC risk using codominant, recessive, and dominant models.

The χ^2^-based *Q* test was used to assess the statistical heterogeneity among studies.^[@R22]^ If the result of the *Q* test was *P*~*Q*~* *\<* *0.10, suggesting the existence of heterogeneity, the pooled ORs were calculated using the random-effects model (the DerSimonian and Laird method).^[@R23]^ Otherwise, when the result of the *Q* test was *P*~*Q*~ ≥ 0.1, indicating the absence of heterogeneity, the fixed-effects model (the Mantel--Haenszel method)^[@R24]^ was applied. Logistic metaregression and subgroup analyses were used to identify the sources of heterogeneity among studies. The following parameters were included as covariates in metaregression analysis: ethnicity (East Asians vs mixed/other), source of controls (hospital-based vs population-based studies), genotyping methods (polymerase chain reaction-restriction fragment length polymorphism vs no polymerase chain reaction-restriction fragment length polymorphism), and Hardy--Weinberg equilibrium (HWE) in controls (Yes vs No). Subgroup analyses were performed according to ethnicity, source of control, HWE status, and HBV infection. Galbraith plot analysis was performed to further explore the source of heterogeneity.

Sensitivity analysis was performed by sequential exclusion of the individual studies to assess the robustness of the results. Begg funnel plot and Egger regression asymmetry test were performed to evaluate the publication bias. If the publication bias presented, the Duval and Tweedie^[@R25]^ nonparametric "trim and fill" method was applied to adjust for it. The HWE was evaluated by the goodness-of-fit χ^2^ test for the control groups of each study (significance set at *P* = 0.05, *P* \< 0.05 was considered a departure from HWE). All analyses were performed using Stata software, version 12.0 (Stata Corp, College Station, TX). All *P* values were 2-sided. To ensure the reliability and the accuracy of the results, 2 authors entered the data into the statistical software programs independently with the same results.

RESULTS
=======

Study Characteristics
---------------------

Based on our search strategy, 34 records were found, but only 14 full-text studies were preliminarily identified for further detailed evaluation after screening the titles and abstracts. According to the exclusion criteria, 3 studies were excluded including 1 presenting insufficient data for calculating OR and 95% CI,^[@R26]^ 1 was a review,^[@R27]^ and 1 was a meta-analysis.^[@R15]^ Manual search of references cited in the retrieval studies identified 1 additional study.^[@R20]^ As a result, a total of 12 relevant studies (1 was a dissertation by a postgraduate student) met the inclusion criteria for the meta-analysis.^[@R16]--[@R20],[@R28]--[@R34]^ The main characteristics of the studies were presented in Table [1](#T1){ref-type="table"}. Among them, 11 studies with 4322 cases and 4970 controls were included for XPD Lys751Gln polymorphism and 6 studies with 2223 cases and 2441 controls were available for XPD Asp312Asn polymorphism. The sample size in these studies varied considerably, ranging from 124 to 3482 individuals. Of all the eligible studies, 10 were conducted on East Asians and 1 was on mixed/other populations for the XPD Lys751Gln polymorphism; 6/6 studies were conducted on East Asians for the XPD Asp312Asn polymorphism. One study in the present meta-analysis did not provide definite criteria for HCC diagnosis.^[@R33]^ The genotype distributions of the controls in 2 studies were inconsistent with HWE for the XPD Lys751Gln polymorphism^[@R17],[@R31]^ and 2 were inconsistent with HWE for the XPD Asp312Asn polymorphism.^[@R16],[@R18]^

###### 

Characteristics of the Included Studies
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Meta-Analysis Results
---------------------

Table [2](#T2){ref-type="table"} lists the main results of meta-analysis of XPD Lys751Gln polymorphism and HCC risk. Overall, statistically significant increased HCC risk was found when all studies were pooled into the meta-analysis (Gln/Gln vs Lys/Lys: OR = 1.363, 95% CI 1.065--1.744, *P* = 0.014; Lys/Gln vs Lys/Lys: OR = 1.205, 95% CI 1.099--1.321, *P* = 0.000; Gln/Gln+Lys/Gln vs Lys/Lys: OR = 1.300, 95% CI 1.141--1.480, *P* = 0.000). In subgroup analysis by ethnicity, statistically significant increased HCC risk was found in East Asians (Gln/Gln vs Lys/Lys: OR = 1.372, 95% CI 1.058--1.777, *P* = 0.017; Lys/Gln vs Lys/Lys: OR = 1.199, 95% CI 1.093--1.316, *P* = 0.000; Gln/Gln+Lys/Gln vs Lys/Lys: OR = 1.294, 95% CI 1.131--1.481, *P* = 0.000; Figure [1](#F1){ref-type="fig"}) but not in mixed/other populations. In subgroup analysis according to source of control, significantly increased HCC risk was found in population-based studies (Lys/Gln vs Lys/Lys: OR = 1.353, 95% CI 1.181--1.551, *P* = 0.000; Gln/Gln+Lys/Gln vs Lys/Lys: OR = 1.323, 95% CI 1.168--1.498, *P* = 0.000), but not in hospital-based studies. When stratified by HWE in controls, significantly increased HCC risk was observed in studies consistent with HWE (Lys/Gln vs Lys/Lys: OR = 1.328, 95% CI 1.164--1.516, *P* = 0.000; Gln/Gln+Lys/Gln vs Lys/Lys: OR = 1.295, 95% CI 1.147--1.463, *P* = 0.000) but not in studies inconsistent with HWE. In subgroup analysis according to HBV infection, significantly increased HCC risk was identified in HBV-positive patients (Lys/Gln vs Lys/Lys: OR = 1.502, 95% CI 1.094--2.157, *P* = 0.007; Gln/Gln+Lys/Gln vs Lys/Lys: OR = 1.431, 95% CI 1.046--2.099, *P* = 0.013) but not in HBV-negative subjects.
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![Forest plots of XPD Lys751Gln polymorphism and HCC risk in subgroup analysis by ethnicity using a random-effects model (dominant model Gln/Gln+Lys/Gln vs Lys/Lys). Gln = glutamine, HCC = hepatocellular carcinoma, Lys = lysine, OR = odds ratio, XPD = xeroderma pigmentosum group D.](medi-93-e330-g003){#F1}

Table [3](#T3){ref-type="table"} lists the main results of meta-analysis of XPD Asp312Asn polymorphism and HCC risk. There was no evidence of significant association between the XPD Asp312Asn polymorphism and HCC risk when all eligible studies were pooled into the meta-analysis (Asn/Asn vs Asp/Asp: OR = 0.959, 95% CI 0.761--1.208, *P* = 0.720; Asp/Asn vs Asp/Asp: OR = 1.048, 95% CI 0.920--1.195, *P* = 0.479; Asn/Asn+Asp/Asn vs Asp/Asp: OR = 1.031, 95% CI 0.913--1.163, *P* = 0.625; Asn/Asn vs Asp/Asn+Asp/Asp: OR = 0.925, 95% CI 0.660--1.295, *P* = 0.648). In subgroup analyses by ethnicity, source of controls, HWE in controls, and HBV infection, statistically significant association was also not detected in all subgroups (Figure [2](#F2){ref-type="fig"}).
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![Forest plots of XPD Asp312Asn polymorphism and HCC risk in subgroup analysis by source of controls using a random-effects model (recessive model Asn/Asn vs Asp/Asn+Asp/Asp). Asn = asparagine amino acid, Asp = aspartic acid, HB = hospital-based studies, HCC = hepatocellular carcinoma, OR = odds ratio, PB = population-based studies, XPD = xeroderma pigmentosum group D.](medi-93-e330-g005){#F2}

Heterogeneity Analysis
----------------------

With respect to XPD Lys751Gln polymorphism, statistically significant between-study heterogeneity was found in the pooled analyses of total eligible studies (Gln/Gln vs Lys/Lys: *P*~h~ = 0.007; Gln/Gln+Lys/Gln vs Lys/Lys: *P*~h~ = 0.052; Gln/Gln vs Lys/Gln+Lys/Lys: *P*~h~ = 0.020; Table [2](#T2){ref-type="table"}). To investigate the sources of heterogeneity, we performed metaregression and subgroup analyses. Metaregression revealed that the ethnicity, source of controls, genotyping methods, and HWE in controls were not effect modifiers. Subsequently, we performed subgroup analyses by ethnicity, source of control, HWE in controls, and HBV infection. However, heterogeneity still existed in East Asians, hospital-based studies, and studies consistent with HWE (Table [2](#T2){ref-type="table"}). To further explore the source of heterogeneity, we performed Galbraith plot analysis to identify the outlier that might contribute to the heterogeneity. The results indicated that the study by Jiang et al^[@R20]^ was the outlier in the overall populations (Figure [3](#F3){ref-type="fig"}). All *P*~h~ values in the overall populations, East Asians, hospital-based studies, and studies consistent with HWE were \>0.10 after excluding the study by Jiang et al.^[@R20]^ Interestingly, the significance of the pooled ORs for the XPD Lys751Gln polymorphism and HCC risk in the overall populations, East Asians, hospital-based studies, and studies consistent with HWE did not change after omitting this study.

![Galbraith plots of XPD Lys751Gln polymorphism and HCC risk (dominant model Gln/Gln+Lys/Gln vs Lys/Lys). The study by Jiang et al^[@R20]^ was spotted as the outlier. Gln = glutamine, HCC = hepatocellular carcinoma, Lys = lysine, XPD = xeroderma pigmentosum group D.](medi-93-e330-g006){#F3}

With respect to XPD Asp312Asn polymorphism, the *P*~h~ value of the *Q* test was \<0.10 in the recessive model in the overall populations (Asn/Asn vs Asp/Asn+Asp/Asp: *P*~h~ = 0.097; Table [3](#T3){ref-type="table"}), indicating statistically significant heterogeneity among studies. Metaregression analysis revealed that the ethnicity, source of control, genotyping methods, and HWE in controls were not effect modifiers. Subgroup analyses indicated that the heterogeneity was evident in East Asians, hospital-based studies, and studies consistent with HWE. Galbraith plot analysis suggested that the study by Zeng et al^[@R19]^ was the outlier and the major source of the heterogeneity (Figure [4](#F4){ref-type="fig"}). The *P*~h~ values were \>0.10 after excluding the study by Zeng et al^[@R19]^ in the overall populations, East Asians, hospital-based studies, and studies consistent with HWE. However, the significance of the pooled ORs for the XPD Asp312Asn polymorphism and HCC risk in the overall populations, East Asians, hospital-based studies, and studies consistent with HWE were also not changed by excluding this study.

![Galbraith plots of XPD Asp312Asn polymorphism and HCC risk (recessive model Asn/Asn vs Asp/Asn+Asp/Asp). The study by Zeng et al^[@R19]^ was spotted as the outlier. Asn = asparagine amino acid, Asp = aspartic acid, HCC = hepatocellular carcinoma, XPD = xeroderma pigmentosum group D.](medi-93-e330-g007){#F4}

Sensitivity Analysis
--------------------

Sensitivity analysis was performed by sequential omission of individual studies for both the XPD Lys751Gln and Asp312Asn polymorphisms. For analyses of pooling \>3 studies, the significance of ORs was not materially influenced by omitting any single study. For the XPD Lys751Gln polymorphism, sensitivity analysis was further performed by excluding the studies by Yao et al^[@R17]^ and Long et al^[@R31]^ in which the control populations were significantly deviated from HWE. The significance of all ORs was not altered after excluding the 2 studies. For the XPD Asp312Asn polymorphism, sensitivity analysis was also performed by excluding those 2 studies by Wu et al^[@R16]^ and Guo et al^[@R18]^ in which the control populations were inconsistent with HWE, and the significance of all ORs was also not altered.

Publication Bias
----------------

Begg funnel plot and Egger test were used to access the publication bias of literatures. The shape of funnel plots did not reveal any evidence of obvious asymmetry (Figure [5](#F5){ref-type="fig"}), and the *P* values of the Egger tests for both the XPD Lys751Gln and Asp312Asn polymorphisms were all \>0.05, providing statistical evidence of the funnel plots' symmetry. The results suggested that publication bias did not exist in this study.

![Funnel plot analysis to detect the publication bias. Each point represents a single study for the indicated association. (A) Funnel plot for XPD Lys751Gln polymorphism in overall analysis (dominant model Gln/Gln+Lys/Gln vs Lys/Lys: *P* = 0.543). (B) Funnel plot for XPD Asp312Asn polymorphism in overall analysis (recessive model Asn/Asn vs Asp/Asn+Asp/Asp: *P* = 0.977). Asn = asparagine amino acid, Asp = aspartic acid, Gln = glutamine, Lys = lysine, XPD = xeroderma pigmentosum group D.](medi-93-e330-g008){#F5}

DISCUSSION
==========

NER pathway of the DNA repair systems is the primary mechanism for the removal of bulky adducts from DNA, and thus is an important part of the cellular defense against a large variety of structural unrelated DNA lesions.^[@R35],[@R36]^ XPD is one of the most important proteins in NER and closely associated with NER pathway coordination by interacting with most components of the NER short-patch pathway. Genetic polymorphisms and mutations in XPD may influence the protein activity, resulting in defects in the NER pathway and reduced DNA repair capacity^[@R37]^; thus, modulating cancer susceptibility including HCC. To date, emerging epidemiological studies have evaluated the association of XPD Lys751Gln and Asp312Asn polymorphisms with HCC risk, but the results remain controversial and underpowered. Therefore, we performed this meta-analysis including all available studies to provide the most comprehensive assessment of the associations. The results based on 12 studies suggested that the XPD Lys751Gln polymorphism was significantly associated with increased HCC risk. However, our data did not support a genetic association of the XPD Asp312Asn polymorphism with HCC susceptibility.

XPD is an important DNA repair gene in the NER pathway. XPD Lys751Gln polymorphism is located at position 751 in exon 23 of the XPD gene with an A to C substitution leading to a Lys to Gln amino acid exchange. Inherited functional polymorphisms in exons of the XPD gene may influence the protein function, resulting in differences of the individual NER and DNA repair capacity that may affect the susceptibility to cancers. It has been reported that the Gln allele of the Lys751Gln polymorphism within the XPD gene was associated with higher DNA adduct levels and lower DNA repair efficiency.^[@R35],[@R38]^ Therefore, it is biologically plausible that the XPD Lys751Gln polymorphism plays a critical role in hepatocarcinogenesis. This hypothesis was confirmed by our meta-analysis.

In the present study, we observed that the XPD Lys751Gln polymorphism presented a risk factor for HCC in East Asians, but not in mixed/other populations. When we excluded the study by Zhang and Mou,^[@R15]^ which was shown as an outlier in Galbraith plot analysis, statistically significant increased HCC risk was still found in the overall populations and East Asians but not in the mixed/other populations. The inconsistent results among diverse ethnicities demonstrated different effects of the XPD Lys751Gln polymorphism on HCC risk in different ethnic genetic backgrounds. Nevertheless, because of the small number of eligible studies among mixed/other populations, the observed association between the XPD Lys751Gln polymorphism and HCC risk in mixed/other populations is likely to be caused by chance because a study with small sample sizes may have insufficient statistical power to detect a slight effect or may have generated a fluctuated estimation. In this study, there was only 1 study for mixed/other populations concerning the XPD Lys751Gln polymorphism on HCC risk.^[@R39]^ Therefore, the results from the mixed/other populations should be interpreted with caution.

It was reported that hospital-based studies have inherent selection bias because of the fact that the controls just represent a sample of ill-defined reference population and may not be representative of the study population or the general population, particularly when the genotypes under investigation were associated with the disease-related conditions that the hospital-based controls may have.^[@R40]^ Selecting of proper and representative population-based controls is important in eliminating biases in such genetic association studies. Therefore, we performed subgroup analysis stratified by source of controls. The results revealed that the XPD Lys751Gln polymorphism was associated with an increased HCC risk in population-based studies, but not in hospital-based studies. Therefore, a methodologically preferable design, such as using a proper and representative population-based high quality study, is of great importance in case--control studies.

Evidence has demonstrated that studies disobeyed the law of HWE may be as a result of genetic reasons including nonrandom mating, or the alleles reflect recent mutations that have not reached equilibrium, as well as methodological reasons including biased selection of subjects from the population or genotyping errors.^[@R41]^ Because of reasons of disequilibrium, the results of genetic association studies might be unreliable when the distributions of genotypes in the control groups deviate from HWE. In the present study, the genotype distributions of the controls in 2 studies were inconsistent with HWE for the XPD Lys751Gln polymorphism.^[@R17],[@R31]^ Therefore, we performed subgroup analysis according to HWE in controls. When excluding the studies that were inconsistent with HWE, the results were persistent and robust, suggesting that this factor probably had little effect on the overall estimates.

Hepatocarcinogenesis has been found to be closely correlated with chronic HBV or HCV infection, and in fact, a certain proportion of chronically infected HBV and HCV individuals will develop HCC. HBV belongs to a family of DNA viruses called hepadnaviruses. The oncogenic potential of HBV has been attributed to its ability to integrate into host cellular DNA, which impairs the genomic integrity and activates neighboring cellular genes directly to offer a selective growth advantage to liver cells. In addition, the production of hepatitis B x protein can serve as a transactivator on various cellular genes for cell growth and tumorigenesis. Therefore, there might be differences in carcinogenetic mechanisms of HCC between the HBV-positive patients and HBV-negative subjects. In the present study, we found that the XPD Lys751Gln polymorphism was significantly associated with increased HCC risk in HBV-positive patients but not in HBV-negative subgroup, which was consistent with the studies conducted by Long et al^[@R31]^ and Xu et al.^[@R32]^ The possible mechanism for the preferentially increased HCC risk of XPD Lys751Gln polymorphism in HBV-positive patients is that the DNA repair functions of the XPD have been reduced by the XPD Lys751Gln polymorphism, making them more vulnerable to cancer development. However, the hypotheses need to be proved in future studies.

The major concern in a sound meta-analysis is the degree of heterogeneity that exists between studies because heterogeneous data are prone to produce misleading results, and finding the sources of heterogeneity is one of the most important goals in a meta-analysis.^[@R42]^ In this study, statistically significant between-study heterogeneity was observed in the pooled analyses of total eligible studies. To identify the sources of heterogeneity, we performed subgroup analyses and metaregression. Subgroup analyses indicated that the heterogeneity was still evident in most of the subgroups for both the XPD Lys751Gln and Asp312Asn polymorphisms. Metaregression analysis revealed that none of the investigated variables was the source of heterogeneity for the 2 SNPs. Subsequently, we performed Galbraith plots to further investigate the heterogeneity. For the XPD Lys751Gln polymorphism, Galbraith plots spotted 1 study^[@R20]^ as the outlier and the possible source of heterogeneity. For the XPD Asp312Asn polymorphism, Galbraith plots also spotted 1 study^[@R19]^ as the outlier and the possible source of heterogeneity. When excluding the study by Jiang et al^[@R20]^ for the XPD Lys751Gln polymorphism and the study by Zeng et al^[@R19]^ for the XPD Asp312Asn polymorphism, all *P*~h~ values in the overall populations and subgroup analyses were \>0.10. Interestingly, the summary ORs for the XPD Lys751Gln and Asp312Asn polymorphisms in different comparison models in the overall population and subgroup analyses were not materially changed by excluding the outlier studies, suggesting that our results were robust and reliable.

Despite our efforts to perform a comprehensive analysis, limitations in this study should be acknowledged. First, in subgroup analysis by ethnicity, the included studies regarded only East Asians and mixed/other populations. Data concerning other ethnicities such as whites and Africans were not found. Therefore, additional studies are needed to evaluate the effect of this functional polymorphism on HCC risk in different ethnicities. Second, the controls in the eligible studies were not uniformly defined. Although the controls were mainly selected from healthy populations, some had benign diseases such as liver cirrhosis, HBsAg positivity, and so on. Therefore, nondifferential misclassification bias was possible because these studies may have included the control populations who have different risks of developing HCC. Third, our results were based on unadjusted estimates. We did not perform analysis adjusted for other covariates such as sex, age, drinking and smoking status, HBV and HCV carrier status, environmental factors, and so on because of the unavailable original data in the eligible studies.

Despite the limitations, the results suggest that the XPD Lys751Gln polymorphism contributes to increased HCC susceptibility, especially in East Asians. Further, large and well-designed studies are required to validate this association.

Abbreviations: CI = confidence interval, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HWE = Hardy--Weinberg equilibrium, NASH = nonalcoholic steatohepatitis, NER = nucleotide excision repair, OR = odds ratio, SNP = single nucleotide polymorphism, XPD = xeroderma pigmentosum group D.
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